Summary. Casts of the lymphatics of the canine small intestine were made by direct injection of a low viscosity methacrylate resin into a large lymphatic in the submucosal layer, and observed under a scanning electron microscope. The lymphatics started with rod-like central lacteals in the villi of the jejunum and leaf-like ones in those of the ileum. The bases of the lacteals were connected by slender lymphatics forming a threedimensional network, tentatively called the "superficial lamina propria lymphatic plexus". From this plexus, a few straight branches descended through the lamina propria to drain into a well developed "deep lamina propria lymphatic plexus", which was extended twodimensionally closely above the lamina muscularis mucosae. From this plexus, a few short lymphatics extended and penetrated the muscularis mucosae and drained into the "superficial submucosal lymphatic plexus", a coarse mesh work of thick lymphatics. From this plexus, a few slender lymphatics descended to drain into a second lymphatic plexus, called the "deep submucosal lymphatic plexus", which extended twodimensionally on the circular muscle layer. This deep submucosal plexus was a coarse network of thick knotty lymphatics. A large collecting lymphatic was occasionally seen running through the mesh. The tunica muscularis contained tubular lymphatics extending horizontally parallel to the muscle fiber, both circular and longitudinal.
The organization of lymphatics in the canine small intestine has been studied by various methods, such as Berlin blue injection into the lymphatic (SHIMIZU, 1932) , India ink (VAJDA and TOMBOL, 1964) or India ink injection into the parenchyma plus microangiography (SATOMURA et al., 1978) . However, these studies used light microscopy with its limited depth of field, and the three-dimensional organization of the lymphatic system has not been sufficiently clarified.
Recently, the injection replica method in combination with scanning electron microscopy (SEM) was applied to studies of rat gastric lymphatic systems (TAMURA et al., 1977) and rabbit lymph nodes (KURO-KAWA and OGATA, 1980) . Using this method, the three-dimensional organization of Lymphatics in the small intestine of the rabbit and rat has been replicated by direct injection of Mercox resin into the intestinal parenchyma, to be observed by SEM (OHTANI and OHTSUKA, 1985; OHTANI, 1987) . In the canine intestine, however, production of precise casts of lymphatics by resin injection into parenchyma was difficult. In the present study, Mercox resin was directly injected into a large lymphatic in the submucosal layer of the dog small intestine, and satisfactory casts of lymphatics extended in each layer could be obtained. A precise description of the casts will comprise the present report.
MATERIALS AND METHODS
Adult hybrid dogs of either sex weighing 10-15kg were used. They were fed without any specific dietary restrictions. The animals were laparotomized under general anesthesia with an intravenous injection of pentobarbital sodium. To relax the tension of the muscularis mucosae of the small intestine, papaverine hydrochloride (0.01g/kg body weight) was infused intravenously according to the method by SATOMURA et al. (1978) . The intestine was then divided into 10cm segments by ligation with silk threads and each segment was severed. Thereafter, the feeding mesenteric artery to each segment was cannulated with a 20-gauge flexible needle. The iso-466 Y. YAMANAKA, K. ARAKI and T. OGATA: lated intestines were perfused with physiological saline via the cannula until the intestinal wall was decolorized, and large lymphatics approximately 300um in diameter in the submucosal layer were identified under a dissection microscope.
Mercox resin (CL-2B, Dai-Nippon Ink Corp, Japan) was diluted to 50% (vol/vol) with monomeric methyl methacrylate to obtain a lower viscosity. A small amount of resin, 0.2-0.8ml, was manually injected by a 29-gauge needle (0.33mm in diameter) into the large submucosal lymphatics in the isolated intestinal segment using manual pressure. The segment of the intestine was then immersed in a water bath at 25C for 24h to polymerize the resin. After the resin hardened, the whole segment was immersed in 20% KOH solution for 72h to remove the tissue elements around the casts. The casts were washed with running water for 24h and air-dried. They were mounted on metal stubs, and coated with gold in an ion coater (Eiko IB-5; Eiko Engineering, Tokyo) to be observed under an SEM, Hitachi S-450.
RESULTS

Lymphatics in the mucosal layer
The lymphatic canal of the canine jejunum started with a single central lacteal of a rod-like shape, approximately 1,100um in height and 120um in maximum caliber (Fig, 1a) . The caliber of the upper one fourth of the lacteal was slightly larger than that of the lower three fourths. Under higher magnification, several circular constrictions were seen near the top (Fig, 1b) . In addition, oval indentations corresponding to the impressions by the endothelial nuclei were seen. The casts of the central lacteals of the canine ileum were slender leaf-like shapes, being compressed in an axial direction. They were slightly lower in height than the jejunal lacteals, which were tubular in shape (Fig. 2) . Except for these minor differences in the central lacteals, the basic structures of the lymphatic casts in each layer were similar between these two areas of the small intestine. Therefore, observations in the ileum are described in this paper.
From the bottom of the central lacteals, some slender lymphatics were emitted and ran in various directions, forming a three-dimensional network around the base of the lacteals (Fig. 3) . This plexus is tentatively called the "superficial lamina propria lymphatic plexus" in this paper.
From this plexus, a few slender connecting lymphatics divided, descended through the lamina propria without ramification, and drained into the lymphatic plexus located immediately above the muscularis mucosae (Fig. 4) . This plexus was a twodimensional network consisting of slender lymphatics approximately 50-100um in caliber and tentatively called the "deep lamina propria lymphatic plexus" (Figs. 4-8) . From this plexus, a few short lymphatics arose and penetrated through the thin layer of the muscularis mucosae, to be drained into the plexus of the superficial layer of the submucosa (Fig. 6 ).
Lymphatics in the submucosal layer
Two types of lymphatic plexuses were seen in the submucosal layer (Figs. 7-10 ). One type of plexus was a two-dimensional network 300-500um in mesh size formed by thick lymphatics 30-70um in caliber located immediately below the muscularis mucosae (Fig.  7) . This plexus is here tentatively called the "superficial submucosal lymphatic plexus". From this plexus, a few slender lymphatics divided, ran downward and drained into the lymphatic plexus situated closely above the circular muscle layer (Fig. 9 ). This second lymphatic plexus was a two-dimensional network 200-300um in mesh diameter formed by thick knotty lymphatics approximately 50-90um in caliber showing a caterpillar-like appearance (Fig. 10) . This plexus is called the "deep submucosal lymphatic plexus" in this paper.
A general luminal side view from the layer above the muscularis mucosae to the proper muscle layer is shown in Figure 11 . Here can be seen a very large collecting lymphatic approximately 250um in caliber. It originated from the superficial submucosal lymphatic plexus and was located between the two plexuses (Figs. 8, 11 ). Typical valvular structures were occasionally seen (Fig. 8) . 
Lymphatics in the proper muscle layer
From the deep submucosal lymphatic plexus, bandlike lymphatics were issued to enter the circular muscle layer (Fig. 12) . In this layer, superficial lymphatics were band-shaped and usually ran obliquely toward the serosal side. They were gradually transformed into tubular-shaped lymphatics, which ran parallel to the circular muscle fibers (Figs. 12, 13 ). An oblique side view (Fig. 14) facilitated observation of the connection between the band-like and tubularshaped lymphatics. The tubular-shaped ones occasionally drained into the large collecting lymphatic (Fig. 15) .
The lymphatics in the circular muscle layer drained into the lymphatics in the longitudinal muscle layer. In this muscle layer, they ran parallel to the longitudinal muscle fibers (Fig. 16 ), but were less developed than in the circular muscle layer. The lymphatics of the tunica muscularis drained into the large efferent lymphatics (Fig. 18) .
Lymphatics in the subserosal layer
In the subserosal space, a flat lymphatic approximately 50-100um in thickness was seen. Typical lymphatic valves were seen (Fig. 17) .
The casts of the efferent lymphatics were large and had successive V-shaped incisurae corresponding with valves (Fig. 18) .
DISCUSSION
In previous studies of the lymphatic casts of murine small intestine (OHTANI, 1987) , Mercox resin was directly injected into the parenchyma of the intestinal Fig. 11 . A luminal side view of a lymphatic cast. In the left half of the picture, the deep lamina propria lymphatic plexus remains, but on removal, the deep submucosal lymphatic plexus (DS) and circular muscle lymphatics (CM) are exposed in the right half. Note the large collecting lymphatic (C) passing through these layers. x80 wall. In the case of the canine intestine, however, it was difficult to obtain satisfactory lymphatic casts extended in each layer of the small intestine using this method, probably due to the lack of sufficient injection pressure. In addition, blood vessel casts, which were sometimes difficult to distinguish from the lymphatic casts, were concomitantly formed in the previous method. We devised a method using direct resin injection into a large lymphatic in the submucosal space under a dissection microscope and succeeded in obtaining casts free of concomitant blood vessel casts. However, a continuous lymphatic cast covering all the layers of the small intestine was not possible to produce, due to the presence of lymphatic valves. When the lymphatic space was amply filled with resin, it was frequently broken at the valves, just before the lymphatic space succeeding the valve was replicated. We therefore made many casts in repeated procedures until satisfactory ones in individual layers were obtained. By integrating the observations of those casts, the three-dimensional entity of the lymphatics in canine small intestine could successfully be visualized. As is well known, the lymphatic canal of the small intestine begins at the central lacteal in the villus. The present observation of resin casts concurs with the early report by SHIMIZU (1932) in that the canine lacteal had a tubular appearance in the jejunum, while being compressed along the axial direction in the ileum.
It has been reported that the superficial lymphatic network connects the base of lacteals in the dog (VAJDA and TOMBOL, 1964) . Another report depicted the lacteals as united by arch-shaped lymphatics in the submucosal layer (JAMIOLKOWSKA, 1963) . Using the India ink injection method, SATOMURA et al. (1978) showed two kinds of lymphatic networks in the lamina propria of the dog small intestine: the first was a horizontal lymphatic network situated at the bottom of the villi, and the second was a well developed horizontal network spreading immediately above the muscularis mucosae. In addition, they 
